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Door-to-Balloon Times Under 90 Min Can Be
Routinely Achieved for Patients Transferred for
ST-Segment Elevation Myocardial Infarction
Percutaneous Coronary Intervention
in a Rural Setting
James C. Blankenship, MD,* Thomas D. Scott, DO,* Kimberly A. Skelding, MD,*
Thomas A. Haldis, DO,† Karen Tompkins-Weber, RN,* Marie Y. Sledgen, RN,*
Michael A. Donegan, DO,‡ Jeremy W. Buckley, MD,§ Jennifer A. Sartorius, MS,
John McB. Hodgson, MD,* Peter B. Berger, MD*
Danville and Lewisburg, Pennsylvania; Fargo, North Dakota; and Lancaster, Ohio
Objectives The purpose of this study was to demonstrate the feasibility of routine transfer of ST-segment elevation myocardial
infarction (STEMI) patients to achieve percutaneous coronary intervention (PCI) in less than 90 min from presentation.
Background Many PCI hospitals have achieved routine door-to-balloon times under 90min for patients with STEMI presenting directly to
the hospital. However, few patients transferred from a non-PCI center undergo PCI within 90min of presentation.
Methods Our rural PCI hospital implemented a program in 2005 for rapid triage, transfer, and treatment of STEMI pa-
tients and made additional improvements in 2006 and 2007. Intervals between milestones in the STEMI
triage/transfer/treatment process were assessed before and after implementation of the program.
Results During the 5-year study period, 676 patients with 687 STEMIs were transferred from 19 community hospitals
and underwent PCI. Median door-to-balloon time decreased from 189 min to 88 min (p  0.001). The time in-
tervals reflecting efficiency of the referring hospitals, transfer services, and PCI hospital all significantly im-
proved. In 2008, median door-to-balloon times were 90 min for 6 of the 7 most frequently referring hospitals.
Delays during off-hours presentation in 2004 were abolished after the program was implemented in 2005. In-
hospital mortality decreased from 6% before to 3% after implementation of the program. In multivariate model-
ing, presentation before initiation of the STEMI program predicted increased risk of in-hospital mortality (odds
ratio: 3.74, 95% confidence interval: 1.22 to 11.51, p  0.021).
Conclusions A program of rapid triage, transfer, and treatment of STEMI patients presenting to non-PCI hospitals can reduce in-
hospital mortality and produce progressive improvements in door-to-balloon time such that median door-to-balloon
times under 90 min are feasible. (J Am Coll Cardiol 2011;57:272–9) © 2011 by the American College of
Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2010.06.056T
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(rimary percutaneous coronary intervention (PCI) is the
referred treatment for patients presenting with ST-
egment elevation myocardial infarction (STEMI) (1).
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li Lilly/Daiichi Sankyo, Haemoscope, Helena, The Medicines Company, and Throm-
ovision. All other authors have reported that they have no relationships to disclose.S
Manuscript received January 18, 2010; revised manuscript received May 31, 2010,
ccepted June 6, 2010.ime to treatment is a critical determinant of outcome
2,3). Recent guidelines recommend reperfusion within 90
in of first medical contact, even for patients transferred
rom non-PCI hospitals (4). At present, many patients
resenting directly to PCI hospital emergency departments
o not meet this goal (5), and most patients transferred for
CI STEMI do not meet it despite development of
nnovative attempts to shorten time to treatment (6–10).
nly 1 system has reported median door-to-balloon time
nder 90 min for transferred patients; this was for only 37
TEMI patients transferred from a single hospital for PCI
11). We analyzed our experience as part of a regional
TEMI network involving many hospitals in a rural setting,
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January 18, 2011:272–9 Door-to-Balloon Times for Rural STEMI Transfersnd the impact of a quality initiative on door-to-balloon
imes over a 5-year period.
ethods
CI center. The PCI center in this study is a 437-bed
ertiary care hospital in rural central Pennsylvania serving 37
ounties with a population of 2.4 million. It has provided
rimary PCI services since 1985 and treated STEMI
atients exclusively with PCI since 1995. The PCI center is
art of a rural health system that owned and operated 4 to
helicopters based at 4 to 5 sites throughout central
ennsylvania during the study period (Fig. 1). Ambulances
ere used when helicopter transport was impossible due to
eather.
atients. All patients presenting within 12 h of onset of
ymptoms of STEMI and transferred to our PCI hospital
rom January 1, 2004, to December 31, 2008, for PCI were
onsidered for inclusion in this analysis. We excluded from
his analysis patients transferred after having received
hrombolytic therapy. Patients with relative contraindica-
ions to PCI, including allergy to contrast dye, major
omorbidities, and warfarin anticoagulation, were accepted
n transfer and evaluated in the emergency department by
he interventional cardiologist. Patients in whom the antic-
pated benefits of emergency PCI exceeded risk underwent
mergency PCI and were included in all analyses reported
ere. The study was approved by the institutional investi-
ational review board.
ransfer and treatment protocols. During 2004, patients
ere treated according to standard practice at the time.
re-hospital electrocardiography (ECG) was not available
Figure 1 Geisinger STEMI Network
Yellow dots show the sites of 5 helicopter bases from which helicopters were disp
sent ST-segment elevation myocardial infarction (STEMI) patients to the percutane
sents a 60-mile radius around the PCI center.o any local emergency medical
ervices. Patients with STEMI
resenting to a referring hospital
ere evaluated there by emer-
ency physicians, primary care
hysicians, or cardiologists. Most
eferring hospitals routinely
ransferred STEMI patients for
CI; a small minority of patients
eceived on-site thrombolytic
herapy. Transfer of STEMI pa-
ients was arranged by calling the emergency physician or
he general cardiologist on call at the PCI hospital. The PCI
ospital emergency physician screened the patient for ap-
ropriateness for PCI, checked cardiac intensive care unit
ed availability, and then requested helicopter transfer. On
rrival at the PCI hospital, the patient was taken to the
mergency department where the emergency physician and
he general cardiologist on call assessed the patient, checked
aboratory results, and consulted the interventional cardiol-
gist. If appropriate, the interventional cardiologist directed
he paging operator to page the catheterization team. All
embers of the team arrived in the laboratory within 30
in of being paged.
A STEMI rapid triage and transfer protocol was devel-
ped in the last half of 2004 and fully implemented on
anuary 1, 2005. It encouraged referring hospital emergency
hysicians to directly call the PCI hospital emergency
epartment. After reviewing a faxed copy of the ECG and
creening the patient with a 9-question checklist, the
mergency department physician dispatched a helicopter
Abbreviations
and Acronyms
ECG  electrocardiography/
electrocardiogram
PCI  percutaneous
coronary intervention
STEMI  ST-segment
elevation myocardial
infarction
d during the study. Red dots show the location of 19 referring hospitals that
ronary intervention (PCI) center (blue dot) during the study. The blue ring repre-atche
ous co
a
t
t
c
t
o
s
p
l
r
e
c
e
t
o
t
m
I
P
5
A
t
w
p
h
w
d
n
g
i
p
t
r
p
r
p
p
D
A
D
b
h
c
6
c
c
p
i
i
a
F
i
D
A
D
p
a
p
t
a
a
c
e
s
v
c
i
s
d
t
m
u
p
2
S
E
274 Blankenship et al. JACC Vol. 57, No. 3, 2011
Door-to-Balloon Times for Rural STEMI Transfers January 18, 2011:272–9nd alerted the interventional cardiologist, who then called
he operator to group-page the catheterization laboratory
eam. In most cases, the interventional cardiologist and
atheterization team met the patient and helicopter crew at
he doors of the catheterization laboratory suite. After
btaining a brief history, examination, and informed con-
ent, PCI was performed. Additional improvements to the
rogram were made yearly (Table 1).
During the time period of this study, few local ambu-
ances performed pre-hospital ECGs, and diversion from
eferring hospitals on the basis of pre-hospital ECGs was
xtremely rare. In general, interhospital transport by heli-
opter rather than ambulance was preferred by community
mergency physicians due to reluctance of ambulance crews
o travel outside of their community, frequent unavailability
f ambulances for interhospital transport, and availability of
rained emergency medical technicians and nurses with
edical control on the helicopter.
nterventional treatment. Coronary intervention at the
CI hospital during the study period was performed by 3 to
staff interventionists employed by the health care system.
ll operators performed 200 PCIs per year, and during
he study period, 4,782 elective, urgent, and emergent PCIs
ere performed at the PCI hospital. PCI was typically
erformed with 6-F guide catheters via a femoral approach,
eparin or bivalirudin anticoagulation, and vascular closure
ith intra-arterial collagen plug or suture device. Details of
iagnostic catheterization and PCI (e.g., imaging of the
oninfarct vessel before versus after PCI, post-dilation,
lycoprotein 2b/3a inhibitor treatment) varied among the
nterventionists.
In the rare circumstance that 2 patients with STEMI
resented together after hours, a catheterization laboratory
echnician, nurses from the 24-h catheterization laboratory
ecovery suite, and the interventional cardiology fellow
repared the second patient while the first patient was
evascularized. When the first patient was stable, the second
atient was revascularized. Revascularization for the second
atient was almost never delayed by more than 15 min.
ubsequent Modifications to Initial STEMI ProtocolTable 1 Subsequent Modifications to Initial STEMI Protocol
2005 ● Community hospital physicians visited by interventional cardio
X Perform ECG within 10 min of arrival for chest pain patien
X Communicate with PCI center physicians via dedicated ST
X Treat and triage patients without consulting with primary p
X Give aspirin 325 mg chewed, metoprolol 5 mg IV  3 whe
optional topical nitropaste without routine intravenous inf
X Eliminate intravenous infusions of heparin and nitroglyceri
2006 ● Nurse coordinator hired to oversee program and communicat
● Recommendations for medications listed above were formally
● Formal next-day feedback provided to referring hospitals, incl
● Quarterly “report cards” issued to each referring hospital eme
2007 ● PCI hospital emergency physicians directly activated the inter
● A group page was implemented for simultaneous notification
incoming STEMI patient.CG  electrocardiogram; IV  intravenous; PCI  percutaneous coronary intervention; PO  by mouth;ata collection. Data on all patients were entered into the
merican College of Cardiology National Cardiovascular
ata Registry. Data were collected immediately after PCI
y the operator, and information about the remainder of the
ospitalization was obtained at the time of discharge by
ardiology advanced practitioners.
Transfer times were collected retrospectively for the first
months of 2004 using logs from the helicopter service,
ardiac catheterization laboratories, and patient charts. Pre-
ise times were available for all key data points for all
atients. Starting July 1, 2004, transfer times were collected
mmediately after PCI on standardized forms and entered
nto a dedicated database. Definitions of times and intervals
re listed in Table 2.
ollow-up. Vital status for each patient 1 year after the
ndex STEMI was ascertained from the Social Security
eath Index maintained by the U.S. Social Security
dministration.
ata analysis. Demographic and procedural data are re-
orted as percentages or mean ( SD). Times are reported
s medians since all time distributions were skewed. Only
atients transferred by helicopter yielded times from ECG
o helicopter dispatch and for helicopter dispatch to arrival
t the PCI center. All patients were used for all other
nalyses. Categorical data were compared using Pearson
hi-square statistic or Fisher exact test (in case of small
xpected numbers). The Kruskal-Wallis test (nonparametric
ince time variables were skewed) was used for continuous
ariables.
The nonparametric Jonckheere-Terpstra test was used to
heck for trends of the time variables by year, to analyze data
n which the variable (i.e., times) is at least of an ordinal
cale and the underlying hypothesis is of an increasing or
ecreasing monotonic trend. It was hypothesized that over
ime (year of presentation), the median times tended to
onotonically decrease. Cochran-Armitage trend test was
sed to check for trends over time of the percentage of
atients with total times 90 or 120 min. All tests were
-sided, and p values 0.05 were considered significant.
with recommendations to:
tline
ns
contraindicated, heparin 70 U/kg bolus without infusion, sublingual nitroglycerin or
and clopidogrel 600 mg PO
emergency department personnel at all referring hospitals.
rsed for all STEMI patients.
iagnostic and treatment intervals and patient outcomes.
department.
al team (instead of discussing it first with the interventional cardiologist on call).
embers of the interventional team and catheterization laboratory staff of anlogist
ts
EMI ho
hysicia
n not
usion,
n.
e with
endo
uding d
rgency
vention
of all mSTEMI  ST-segment elevation myocardial infarction.
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January 18, 2011:272–9 Door-to-Balloon Times for Rural STEMI TransfersRelationships between clinical characteristics that varied
ver the study period were examined to determine whether
hey were independently related to treatment intervals. For
haracteristics that both varied by year of presentation and
ere associated with significant differences in median times,
he bivariate test results reported in the tables were checked
fter adjusting for the related baseline characteristic(s). To
btain adjusted p values, simple regressions were performed
sing times as the dependent variables (log transformed
ince highly skewed). Adjusted p values (adjusted for other
ovariates in the model) were obtained for the independent
ariable of interest (such as year of presentation). If the
esulting adjusted p value changed the interpretation of
esults, the p value was reported in the tables as well.
To identify predictors of death, potential variables were
ivariately associated with death using Fisher exact test for
ategorical variables and the Wilcoxon-Mann-Whitney
ank sum test for continuous predictors. Variables checked
s possible predictors included all of the time segments and
rocedural characteristics prior to intervention (as listed in
able 3), referring hospital, year of MI, presentation during
orkday versus off-hours, transport method, and interven-
ional operator. Variables that were bivariately associated
ith death with a p value 0.1 were kept for logistic
egression modeling. Logistic modeling was performed with
ackward elimination to retain significant predictors in the
nal model. Ejection fraction was excluded from multivar-
ate models since it was determined post-PCI.
esults
tudy population. During the 5-year study period, 676
atients with 687 STEMIs were transferred from 19 com-
unity hospitals and underwent PCI. Helicopter transport
as used for 571 (83%) of patients transferred for STEMI
CI; the rest were transferred by ambulance. During this
ame period, 278 STEMI patients presented directly to the
CI center emergency department and are not included in
efinitions of Times and IntervalsTable 2 Definitions of Times and Intervals
Time/Interval
Time of onset of symptoms As reported by the
Time of initial presentation The first time foun
Time of first ECG Taken directly from
Dispatch time Time the helicopte
Helicopter touchdown and liftoff times at the referral hospital
and PCI hospital
Taken from helico
Catheterization laboratory arrival time Time that the pati
Catheterization laboratory arrival and balloon inflation/device
activation times (2007 to 2008) or wire-crossing-lesion
times (2004 to 2006)
Taken from the ca
Overall door-to-balloon time Interval from initia
to achieve repe
Workday hours Monday through F
bbreviations as in Table 1.his analysis.
V
Several demographic and procedural characteristics
Table 3) fluctuated significantly from year to year during
he study, but the only consistent trend over time was in the
ncidence of prior MI, which rose from 6% to 8% in 2004 to
006, to 17% to 18% in 2007 to 2008 (p  0.001).
reatment intervals. Median times for intervals in the
TEMI triage/transfer/treatment process are shown by year
n Table 4. Symptom onset-to-initial presentation times did
ot change over the study period. All other time intervals
ecreased significantly and progressively, with an equilib-
ium reached only in the fifth year of the study. Median
oor-to-balloon time decreased by 101 min over the 5-year
tudy period, with three-fourths of the decrease in the first
ear of the program (Fig. 1). Two-thirds of the 101-min
Source/Definition
nt, as recorded in the chart, or obtained directly from the patient
ny documentation from the initial hospital
rst ECG performed at the referring hospital
ice was called with a request for transfer
ight logs as reported by the pilot to the helicopter communications center
s placed on the catheterization laboratory table
ization laboratory procedure logs as recorded in real time during catheterization
entation at the referring hospital until first balloon inflation (or use of another device
, such as thrombectomy catheter) or (for 2004 to 2006) wire crossing of the lesion.
etween 8:00 AM and 5:00 PM. Off-hours are all other times.
aseline Demographic androcedural Characteristics (n  687)Table 3 B seline Demographic andProcedural Characteristics (n  687)
Male 73%
Age, yrs 60 13
Weight, kg 88 22
Hypertension 54%
Presence of shock 5%
Diabetes mellitus 18%
Current or past smoking 64%
Hypercholesterolemia* 55%
Previous heart failure 4%
Previous myocardial infarction 12%
Previous percutaneous coronary intervention 11%
Previous coronary bypass grafting 3%
Transfer by helicopter (versus ambulance) 83%
Culprit coronary artery*
Left anterior descending 32%
Right coronary artery 50%
Left circumflex/ramus 17%
Initial stenosis, % 97 8
Ejection fraction, % 46 12
Final Thrombolysis In Myocardial Infarction flow grade 2 or 3 98%
Final stenosis, % 3 16patie
d on a
the fi
r serv
pter fl
ent wa
theter
l pres
rfusion
riday balues are % or mean  SD. *Defined as total cholesterol 200 mg/dl, low-density lipoprotein
130 mg/dl, or high-density lipoprotein 30 mg/dl.
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Door-to-Balloon Times for Rural STEMI Transfers January 18, 2011:272–9ecrease was attributable to efficiencies at the PCI hospital;
ne-third were due to efficiencies before the patient reached
he PCI hospital. The percentage of patients with door-to-
alloon times under 90 min increased from 1% in 2004 to
3% in 2008.
Six of these 7 referring hospitals most commonly refer-
ing STEMI patients had median door-to-balloon times
90 min in 2008, and all 7 hospitals had significantly
horter door-to-balloon time at the end of the study period
Table 5). Time from initial presentation to helicopter
ispatch, the interval most closely reflecting referring hos-
ital efficiency, decreased numerically at 6 of the 7 hospitals
nd significantly so at 4 of the 7. The least efficient hospital
n 2004 became the most efficient in 2008.
orkday versus off-hours presentation. Throughout the
tudy period, workday and off-hour patients had similar
edian times from presentation to ECG, and from ECG to
ispatch (Table 6). No baseline characteristics were associ-
ted with on- versus off-hours presentation. In 2004, before
mplementation of the STEMI program, median time from
rrival at the PCI center to arrival in the catheterization
aboratory was shorter for on-hours patients (38 min [in-
erquartile range (IQR): 22, 50 min]) than off-hours pa-
ients (52 min [IQR: 37, 73 min], p  0.001). Door-to-
alloon time tended to be shorter for workday patients (180
in [IQR: 135, 205 min]) than off-hours patients (191.5
in [IQR: 155, 254 min], p  0.063). After implementa-
ion of the STEMI program in 2005, differences between
orkday and off-hours median time intervals narrowed to 1
o 2 min (p  NS) (Table 6).
ortality. In-hospital mortality was 3.4% (6% for patients
ith MI in 2004, 4% in 2005, 3% in 2006, 2% in 2007, and
% in 2008; differences not statistically significant, p 
.50). One-year mortality was 10.1% for patients with MI
n 2004, 8.1% in 2005, 4.9% in 2006, 6.8% in 2007, and 4.4
in 2008 (p  0.4).
orrelates of mortality. Variables checked as possible
reatment TimesTable 4 Treatment Times
2004
(n  109)
Onset of chest pain to arrival at referring hospital 75 [45, 126]
Arrival at referring hospital to arrival at PCI hospital 92 [75, 125]
Arrival at referring hospital to ECG time 6.5 [3, 15]
ECG to helicopter dispatch time 20.5 [12.5, 42]
Helicopter dispatch to arrival at PCI hospital 53 [44, 68]
Arrival at PCI hospital to balloon inflation 82 [60, 108]
Arrival at PCI hospital to catheterization laboratory 46 [30, 62]
Arrival at catheterization laboratory to balloon inflation† 36 [26, 47]
Door-to-balloon time (arrival at referring hospital to
balloon inflation)†
189 [146, 219]
Door-to-balloon time 90 min, % 1%
Door-to-balloon time 120 min, % 12%
alues are presented as medians [Q1, Q3] in minutes. *Jonckheere-Terpstra trend test. †Wire-cro
Abbreviations as in Table 1.redictors of mortality included all time segments, proce- rural characteristics, referring hospital, year of MI, presen-
ation during workday versus off-hours, transport method,
nd interventional operator. In the final logistic model, 3
ariables were significantly associated with death: shock
odds ratio [OR]: 26.98, 95% confidence interval [CI]: 9.77
o 74.48, p  0.001), age (each increasing year) (OR: 1.09,
5% CI: 1.05 to 1.14, p  0.001), and presentation in 2004
before initiation of the STEMI program) compared with
005 to 2008 (OR :3.74, 95% CI: 1.22 to 11.51, p 0.021).
Three variables were significantly associated with 1-year
ortality in the final multivariate logistic model: shock
OR: 19.56, 95% CI: 7.24 to 52.84, p  0.001), age (each
ncreasing year, OR: 1.09, 95% CI: 1.06 to 1.13, p 
.001), and prior congestive heart failure (OR: 8.00, 95%
I: 2.58 to 24.58; p  0.001). There was a trend toward
igher mortality in patients presenting in 2004 (before
nitiation of the STEMI program) compared with 2005 to
008 (OR: 2.9, 95% CI: 0.98 to 8.45, p  0.054).
atients presenting directly to PCI center. During the
eriod covered in this study, median door-to-balloon times
or 263 patients presenting to the angioplasty center im-
roved from 110 min in 2004 to 76 min in 2005, 60 min in
006, 42 min in 2007, and 43 min in 2008. In-hospital
ortality changed from 5.6% in 2004 (n  36) to 0.4% in
005 to 2008 (n  227), and cumulative 1-year mortality
hanged from 8.3% for patients with MI in 2004 to 2.1% for
atients with MI in 2005 to 2008.
iscussion
he most important finding of this study is that rapid
iagnosis, triage, transfer, and treatment is possible for some
TEMI patients in a rural setting in the U.S. In the last year
f our study, median door-to-balloon time for patients trans-
erred for PCI was 88 min, and 53% achieved a door-to-
alloon time under 90 min. Our system has produced door-
o-balloon times over an hour shorter than the 171 min
05
136)
2006
(n  144)
2007
(n  118)
2008
(n  180) p Value
0, 165] 84 [50, 150] 90 [50, 139] 96 [56, 192] 0.14*
4, 107] 75 [59, 94] 67 [54, 91] 67 [49, 85] 0.001*
, 13] 6 [1, 12] 4 [0, 11] 3 [0, 9] 0.012*
1, 31] 16 [10, 24] 12 [6, 19] 12 [6, 18] 0.001*
8, 63] 49 [38, 61] 47 [38, 61] 47 [35, 62] 0.003*
5, 44] 27 [21, 36] 25 [20, 31] 22 [15, 28] 0.001*
, 23] 7 [5, 12] 6 [4, 9] 4 [3, 8] 0.001*
3, 27] 17.5 [13, 23.5] 19 [14, 23.5 17 [12, 21] 0.001*
4, 147] 104.5 [86, 124.5] 95 [79, 125] 88 [71.5, 110] 0.001*
9% 28% 43% 53% 0.001‡
7% 70% 74% 83% 0.001‡
mes used for 2004 to 2006. ‡Cochran-Armitage trend test.20
(n 
93 [6
81 [6
7 [3
18 [1
49 [3
32 [2
11 [6
20 [1
113 [9
1
5eported by Nallamothu et al. from the National Registry of
M
r
m
h
c
h
h
t
m
h
m
f
l
t
i
i
d
t
t
g
1
2
i
(
t
d
o
t
h
t
o
h
w
t
s
p
t
H
d
a
o
c
d
t
b
r
c
p
t
8
ddi
an
Tr
ea
tm
en
t
Ti
m
es
by
In
di
vi
du
al
C
om
m
un
it
y
H
os
pi
ta
l
ab
le
5
M
ed
ia
n
Tr
ea
tm
en
t
Ti
m
es
by
In
di
vi
du
al
C
om
m
un
it
y
H
os
pi
ta
l
H
os
pi
ta
l
(F
lig
ht
Ti
m
e)
Ti
m
e
Fr
om
A
rr
iv
al
at
R
ef
er
ri
ng
H
os
pi
ta
l
to
H
el
ic
op
te
r
D
is
pa
tc
h
D
oo
r-t
o-
B
al
lo
on
Ti
m
e*
2
0
0
4
2
0
0
5
2
0
0
6
2
0
0
7
2
0
0
8
p
V
al
ue
†
2
0
0
4
2
0
0
5
2
0
0
6
2
0
0
7
2
0
0
8
p
V
al
ue
†
:1
0
m
in
(n

6
8
)
2
1
[1
3
,3
0
]
1
8
[1
4
,2
6
]
2
6
[1
9
,4
6
]
1
8
[7
,2
0
]
2
1
[1
4
,2
9
]
0
.1
6
1
8
3
[1
4
6
,2
1
4
]
1
0
3
[9
7
,1
4
9
]
1
0
1
[9
0
,1
1
6
]
8
4
.5
[7
4
,1
4
1
]
7
9
[7
2
,8
5
]

0
.0
0
1
:1
4
m
in
(n

6
3
)
3
9
[2
7
,7
7
]
3
2
.5
[2
8
,5
0
]
2
4
[1
5
,3
3
]
2
3
[1
9
,2
7
.5
]
2
7
[1
9
,3
5
]
0
.0
9
9
1
9
4
[1
8
5
,3
1
0
]
1
4
2
.5
[1
2
8
,1
5
4
]
1
1
0
[9
2
,1
2
2
]
1
0
8
[1
0
1
,1
3
2
]
1
1
3
[9
9
,1
3
8
]

0
.0
0
1
:6
m
in
(n

5
3
)
8
0
[3
9
,9
3
]
2
3
.5
[1
1
,3
1
]
2
1
.5
[1
2
.5
,3
0
]
2
2
[1
4
,2
8
]
1
2
[9
,2
2
]
0
.0
5
9
‡
2
1
4
.5
[1
8
7
,2
4
4
]
9
1
[8
0
,9
8
]
1
1
2
.5
[9
9
,1
6
9
]
8
3
.5
[8
0
,1
1
9
]
7
3
.5
[6
1
,8
5
]

0
.0
0
1
:3
2
m
in
(n

9
0
)
2
9
.5
[2
0
,4
9
]
3
0
[2
3
,4
9
]
1
9
.5
[1
4
,2
9
]
2
3
[1
5
,3
8
]
1
5
[1
5
,1
5
]
0
.0
5
0
1
9
4
.5
[1
3
0
,2
1
4
]
1
3
7
.5
[1
1
1
,1
6
9
]
1
0
9
[1
0
0
,1
2
4
]
1
1
5
[1
0
4
,1
3
0
]
8
6
[8
6
,8
6
]

0
.0
0
1
:4
m
in
(n

6
3
)
4
2
[3
5
,4
6
]
2
9
[2
0
,6
5
]
2
7
[1
8
,4
6
]
1
7
[1
4
,1
9
]
1
7
[1
1
,2
4
]
0
.0
4
5
1
8
6
.5
[1
6
6
,2
5
8
]
1
0
6
[9
1
,1
3
3
]
8
7
[7
9
,9
6
]
8
2
[7
1
,9
1
.5
]
7
2
[6
4
,9
8
]

0
.0
0
1
:6
m
in
(n

8
4
)
2
6
[1
0
,6
1
.5
]
2
3
[1
9
,3
9
]
1
9
[1
5
,2
4
]
1
7
[7
,1
9
]
1
2
[8
,1
9
]
0
.0
0
8
‡
1
5
8
.5
[1
2
6
,1
8
0
]
1
0
9
[9
1
,1
6
6
]
8
3
[7
5
,9
6
]
7
8
[7
0
,9
0
]
7
1
.5
[6
5
,8
3
]

0
.0
0
1
:7
m
in
(n

9
7
)
3
3
.5
[2
1
,4
9
]
1
8
[1
3
,2
4
]
1
6
[1
2
,3
4
]
1
6
[6
,2
0
]
1
7
.5
[9
.5
,2
2
.5
]
0
.0
0
3
1
7
3
[1
2
3
,2
0
1
]
9
2
.5
[7
8
,1
0
8
]
7
7
[6
2
,1
0
0
]
7
7
[6
7
,9
0
]
7
6
[6
8
,9
3
]

0
.0
0
1
th
er
s
co
m
bi
ne
d:
2
0
m
in
(n

1
8
7
)
3
9
.5
[2
5
,1
3
8
]
3
3
[2
5
,5
0
]
3
0
[2
1
,4
6
]
2
0
[1
3
,3
6
]
1
4
.5
[9
.5
,3
2
]

0
.0
0
1
2
1
4
[1
8
0
,3
8
6
]
1
3
4
[1
2
0
,2
2
9
]
1
1
7
.5
[1
0
9
,1
6
1
]
1
1
1
.5
[9
5
,1
4
3
]
9
7
[8
1
,1
1
8
]

0
.0
0
1
es
ar
e
pr
es
en
te
d
as
m
ed
ia
n
[Q
1
,Q
3
]
in
m
in
ut
es
.*
W
ir
e-
cr
os
si
ng
tim
es
us
ed
fo
r
2
0
0
4
to
2
0
0
6
.†
K
ru
sk
al
l-W
al
lis
te
st
.‡
A
ft
er
ad
ju
st
m
en
t
fo
r
si
gn
ifi
ca
nt
co
va
ri
at
es
,0
.0
0
8
ch
an
ge
s
to
0
.1
3
an
d
0
.0
5
9
ch
an
ge
s
to
0
.0
4
9
.
277JACC Vol. 57, No. 3, 2011 Blankenship et al.
January 18, 2011:272–9 Door-to-Balloon Times for Rural STEMI Transfersyocardial Information database (12), and shorter than those
ecently reported by other systems (8–10).
A second important finding is that sequential improve-
ents in all components of the system—the referring
ospitals, transport services, and the PCI hospital—
ontributed to decreasing delays to treatment. Referring
ospitals decreased the time from arrival at the referring
ospital to ECG from 6.5 to 3 min (p  0.012), and the
ime from ECG to helicopter dispatch from 20.5 min to 12
in (p  0.001). Transfer services decreased time from
elicopter dispatch to arrival at the PCI hospital from 53
in to 47 min (p  0.003). Within the PCI hospital, time
rom arrival at the hospital to arrival in the catheterization
aboratory decreased from 46 to 4 min (p  0.001), and
ime from arrival in the catheterization laboratory to balloon
nflation decreased from 36 to 17 min (p  0.001). These
mprovements occurred gradually. Door-to-balloon time
ecreased from 189 min in 2004 (before implementation of
he program) to 113 min in 2005 (after implementation of
he program). However, additional refinements to the pro-
ram led to further improvement in door-to-balloon time to
04.5 min in 2006, to 95 min in 2007, and to 88 min in
008. These subsequent improvements were partly due to
mplementing proven strategies reported by Bradley et al.
13) and to additional efforts by all members of the system
o increase efficiency of the system.
A third important finding of this study is that the results
escribed above were achieved without full implementation
f formal rigid systems advocated by others (14–16). Formal
ransfer agreements were not signed between referring
ospitals and the PCI hospital. Instead, a simple 1-call-for-
ransfer program was developed by the PCI hospital and
ffered to emergency department personnel at local referring
ospitals. Formal referring hospital treatment protocols
ere suggested but not required. There were no adminis-
rative relationships among the hospitals participating in the
ystem reported in this study. Participation in the STEMI
rogram was informal and completely voluntary.
Other investigators have reported faster door-to-balloon
imes during workday hours compared to off-hours (17,18).
owever, after implementation of our system, median
oor-to-balloon times for workday hours were similar to
nd within a few minutes of those for off-hours. Because all
f the interventionists and at least 1 member of each
atheterization laboratory staff call team live within 5 min
riving time of the PCI hospital, there was always ample
ime for the catheterization team to reach the laboratory
efore the patient arrived.
Prior to implementation of this STEMI program, refer-
ing hospitals demonstrated wide differences in the effi-
iency with which they identified and triaged STEMI
atients. Initially, median door-to-dispatch times among
he 7 most frequently referring hospitals ranged from 21 to
0 min. By 2008, these times had decreased to 12 to 27 min,
emonstrating that community hospitals can dramaticallyimprove their own processes for evaluation and treatment ofM
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Door-to-Balloon Times for Rural STEMI Transfers January 18, 2011:272–9TEMI patients. We attribute these improvements to
onsistent communication with the PCI hospital physicians,
ncluding feedback after individual STEMI patient trans-
ers, and the efforts of health care providers at referring
ospitals to improve their processes. However, differences
emaining among referring hospitals, even after 4 years,
emonstrate that hospitals embrace the challenge of estab-
ishing and improving STEMI programs with varying levels
f enthusiasm and success.
Median door-to-balloon times in 2008 were under 90
in for all 5 referring hospitals with flight times to the PCI
ospital 10 min (and with driving times of 40 min).
ecause most patients in the U.S. live within this proximity
o a PCI hospital (19), PCI in 90 min should be feasible
or the majority of STEMI patients in the U.S. These data
lso raise the issue of whether initiating low-volume no-
urgery-on-site STEMI programs are of any benefit when
fficient STEMI transfer systems are available.
Several studies have found that door-to-balloon time is
n independent correlate of death (2,3), but ours did not.
reatment Times by Workday Hours Versus Off-HoursTable 6 Treatment Times by Workday Hours Versus Off-Hours
2004
Workday Hours
Onset of chest pain to arrival at referring hospital 76 [45, 142]
Arrival at referring hospital to arrival at PCI hospital 92 [80, 117] 9
Arrival at referring hospital to ECG time 5 [2, 15]
ECG to helicopter dispatch time 23 [16, 40]
Helicopter dispatch to arrival at PCI hospital 57 [50, 66]
Arrival at PCI hospital to balloon inflation 77 [52, 90] 9
Arrival at PCI hospital to catheterization laboratory 38 [22, 50]
Door-to-balloon time 90 min, % 0%
Door-to-balloon time 120 min, % 17%
ll times are presented as medians and interquartile ranges [Q1, Q3] in minutes.
Abbreviations as in Table 1.
Figure 2 Door-to-Balloon Times by Presenting Month for STEMI
Each point represents a different patient. Variation in door-to-balloon times, repres
diminished over the course of the study. Overall median time dropped. Even at thehe vast majority of our patients had door-to-balloon times
f 70 to 110 min (Fig. 2), and variation in door-to-balloon
imes within this relatively narrow range is likely not
ufficiently influential to produce differences in mortality
arge enough to be identified in a study of this size. Larger
tudies with larger ranges of door-to-balloon times would be
ore likely to demonstrate a correlation between door-to-
alloon time and mortality. Although door-to-balloon time
id not correlate with mortality, presentation before initia-
ion of the STEMI transfer program did correlate with
igher mortality (OR: 3.74, p  0.021).
tudy limitations. We did not track STEMI patients with
bsolute contraindications to PCI, nor did we track patients
resenting with STEMI more than 12 h after the onset of
ymptoms. The generalizability of the results of this study
ay be limited by several unique features of the region and
ealth system in which it was performed. The PCI hospital
atheterization laboratory is a closed laboratory, staffed by a
ingle group of employed interventionists. The helicopters
sed for transport are owned by the same health system that
109) 2005–2008 (n  568)
ours p Value Workday Hours Off-Hours p Value
5, 126] 0.96 97 [54, 154] 89.5 [55, 162] 0.99
2, 140] 0.75 72 [58, 92] 72 [55, 94] 0.94
, 15] 0.44 5 [1, 9] 5 [1, 11] 0.45
.5, 49] 0.57 14 [7, 26] 14 [9, 22] 0.51
2, 63] 0.049 49 [38, 62] 47 [36, 62] 0.85
2, 116) 0.007 27 [20, 38] 26 [20, 35] 0.51
7, 73] 0.001 6 [4, 13] 7 [4, 12] 0.80
% 1.00 37% 37% 0.94
% 0.15 74% 71% 0.47
s
by difference in vertical height of the points on the figure,
f the study, some outliers had prolonged door-to-balloon times.(n 
Off-H
75 [5
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January 18, 2011:272–9 Door-to-Balloon Times for Rural STEMI Transfersperates the PCI hospital and are based in areas that
requently refer patients, an arrangement that favors efficient
ransfers. Pre-hospital ECGs were not routinely available to
ocal ambulance units during the study period, and their use
ay further improve transfer efficiency. Standardized com-
unity hospital order sets and transfer strategies, if imple-
ented, might have provided further improvements in
fficiency. This study did not compare a helicopter transport
ystem to an efficient ambulance transport system, and for
hort transport distances, it is possible that an efficient
mbulance transfer system would achieve comparable trans-
er times and better cost efficiency compared with helicopter
ransport. Due to the small number of mortality events in
he multivariate logistic regression model, results regarding
orrelates of mortality are presented with caution.
We used wire-crossing time prior to 2007 instead of
alloon inflation time because: 1) balloon inflation is an
rbitrary end point that often does not reflect time of
eperfusion; 2) many procedures started with rheolytic or
spiration thrombectomy, not balloons; and 3) there was no
onsensus that balloon inflation or device activation was the
orrect surrogate for reperfusion time. Median time from
ire crossing lesion to balloon inflation in 2007 and 2008
as 2 min [Q1, Q3  1, 3], representing a small increase in
imes when balloon inflation was substituted for wire
rossing in 2007.
onclusions
program of rapid triage, transfer, and treatment of
TEMI patients presenting to non-PCI hospitals can
educe in-hospital mortality and produce progressive im-
rovements in door-to-balloon time such that median
oor-to-balloon times under 90 min are feasible.
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